ABSTRACT
INTRODUCTION
primer in a second round of PCR with 3 ng of pET32a as template and Phusion HF DNA 135 polymerase. The thermal profile was 10 s at 98°C, 30 s at 60°C, and 3.5 min at 72°C for 20 136 cycles. After completion of PCR, 20 units of DpnI was directly added to the PCR and incubated 137 at 37°C for 1 hour. The reaction was then electroporated into electrocompetent E. cloni ® 10G 138 cells (Lucigen, Middleton, WI), and plasmid pET32-ndmB-His was recovered. 139 Forward primer ndmD-F-NdeI and reverse primer ndmD-R-HindIII (Supplementary   140   Table 1S ) were designed to amplify ndmD from CBB5 genomic DNA using Taq DNA   141 polymerase with a thermal profile of 30 s at 95°C, 30 s at 55°C, and 90 s at 72°C for five cycles, 142 followed by 30 s at 95°C, 30 s at 60°C, and 90 s at 72°C for 30 cycles. The PCR product was 143 cloned into the pGEMT-easy vector, resulting in plasmid pTA-ndmD. The cloned ndmD was 7 then released from pTA-ndmD by digestion with NdeI plus EcoRI and ligated to pET28a which 145 was previously digested with NdeI and EcoRI, resulting in plasmid pET28-His-ndmD. 146 DNA sequencing of pET28-ndmA-His, pET28-ndmB-His, and pET28-His-ndmD 147 confirmed PCR amplification did not introduce any mutation into ndmA, ndmB, and ndmD.
148
Plasmid pET32-ndmA-His, pET32-ndmB-His, and pET28-His-ndmD were individually 149 transformed into E. coli BL21(DE3) for over-production of recombinant proteins. Expression of suspended to 100 mL in the same buffer. Cells were lysed by passing twice through a chilled 169 French press at 138 MPa. The lysates were centrifuged at 30,000 × g for 20 min and the 170 supernatants were saved as cell extracts for purification of NdmA-His 6 , NdmB-His 6 , and His 6 -171
NdmD.
172
All enzyme purification was performed at 4°C using an automated fast protein liquid 173 chromatography system (ÄKTA FPLC system, Amersham Pharmacia Biotech). Cell extracts 174 containing soluble enzyme were purified on a 40-mL (bed volume) Ni-NTA column (GE 175 Healthcare) at a flow rate of 5 mL·min -1 . The column was pre-equilibrated in binding buffer 176 consisting of 300 mM NaCl and 10 mM imidazole in 25 mM KP i buffer (pH 7). was loaded onto a 5 mL Q Sepharose column (GE Healthcare) pre-equilibrated in KPGD buffer.
198
After washing unbound proteins from the column with 15 mL equilibration buffer, bound 199 proteins were eluted with a 15-mL linear gradient of KCl (0 to 0. substrates by either NdmA-His 6 or NdmB-His 6 (Fig. 3 ).
358
The functions of NdmA and NdmB as position-specific methylxanthine N-demethylases 359 were further supported by the steady-state kinetic parameters of these two enzymes (Table 2) . NdmA-His 6 , followed by caffeine and paraxanthine. NdmA-His 6 had low activity on 1-367 methylxanthine and was inactive on theobromine, 3-methylxanthine, and 7-methylxanthine. xanthine, since 7-methylxanthine is not a substrate for either enzyme (Table 2) . Here, we have identified the 7-methylxanthine-specific N-demethylation activity, designated as NdmC. NdmC 442 was found to co-purify with NdmD (Fig. 4a) . The highly enriched reductase fraction contained 443 NdmD plus two additional major protein bands. From their respective N-terminal protein 444 sequences, the genes encoding these two proteins were identified as orf7 and orf8 in the ndm 445 gene cluster (Fig 1a) . Therefore, NdmA and NdmB homology models were generated using DdmC as a structural 461 template (Fig. 6) . A comparison of the active sites in the NdmA and NdmB homology models superimpose very well across the ten models generated for each (Fig. 6) with large coffee-and tea-processing industries. These genes could also find utility in detecting 491 caffeine, a marker for human activities in wastewater streams (7), or in converting the enormous 492 waste generated via manufacturing of coffee and tea to animal feed and feedstocks for fuels and The following purine and pyrimidine analogs were tested as substrate for NdmA-His6 and NdmB-His6 but had no activity: 
